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The MICs of ceftiofur and other antimicrobial agents, tested for comparison, for 515 bacterial isolates of
pigs from the United States, Canada, and Denmark with various diseases were compared. The organisms tested
included Actinobacillus pleuropneumoniae, Escherichia coli, Pasteurella multocida, Salmonella choleraesuis, Salmo-
nella typhimurium, Streptococcus suis, Streptococcus dysgalactiae subsp. equisimilis, Streptococcus equi subsp. equi,
and Streptococcus equi subsp. zooepidemicus. In addition to ceftiofur, the following antimicrobial agents or
combinations were tested: enrofloxacin, ampicillin, sulfamethazine, trimethoprim-sulfadiazine (1:19), eryth-
romycin, lincomycin, spectinomycin, lincomycin-spectinomycin (1:8), tilmicosin, and tetracycline. Tilmicosin
was only tested against the U.S. isolates. Overall, ceftiofur and enrofloxacin were the most active antimicrobial
agents tested against all isolates, with MICs inhibiting 90% of isolates tested (MIC90s) of<2.0 and<1.0 mg/ml,
respectively. Erythromycin, sulfamethazine, spectinomycin, and lincomycin demonstrated limited activity
against all of the organisms tested, with MIC90s of >8.0, >256.0, >32.0, and >16.0 mg/ml, respectively.
Trimethoprim-sulfadiazine was active against isolates of A. pleuropneumoniae, S. choleraesuis, S. typhimurium,
P. multocida, S. equi, and S. suis (MIC90s, <0.5 mg/ml) but was less active against the E. coli strains tested
(MIC90, >16.0 mg/ml). Ampicillin was active against the P. multocida, S. suis, and S. equi isolates tested
(MIC90s, 0.5, 0.06, and 0.06 mg/ml, respectively) and was moderately active against S. typhimurium (MIC90s, 2.0
mg/ml). However, this antimicrobial agent was much less active when it was tested against A. pleuropneumoniae,
S. cholerae-suis, and E. coli (MIC90s, 16.0, >32.0, and >32.0 mg/ml, respectively). Against the U.S. isolates of
A. pleuropneumoniae and P. multocida, tilmicosin was moderately active (MIC90s, 4.0 and 8.0 mg/ml, respec-
tively). However, this compound was not active against the remaining U.S. isolates (MIC90s, >64.0 mg/ml).
Differences in the MICs from one country to another were not detected with enrofloxacin, ceftiofur, or lincomycin
for the strains tested, but variations in the MICs of the remaining antimicrobial agents were observed.

A survey of producers rated swine respiratory disease (SRD)
as the most important problem facing the swine industry (29).
In the United States, it has been estimated that producers lose
more than $210 million annually from SRD in production costs
alone (6). These estimates do not include treatment and con-
trol costs or losses from deaths. SRD is a disease complex
which includes atrophic rhinitis, pleuritis, pleuropneumonia,
pneumonic pasteurellosis, and pneumonia. The bacteria iso-
lated from swine with SRD include Actinobacillus pleuropneu-
moniae, Pasteurella multocida, Salmonella choleraesuis, and
Streptococcus suis (5, 29, 33). S. choleraesuis Streptococcus equi
subsp. equi, Streptococcus equi subsp. zooepidemicus, and Esch-
erichia coli are also isolated from swine with septicemia-asso-
ciated pneumonia (4, 19, 20, 29, 33, 36, 40). Antimicrobial
agents are considered to be the primary tool for the treatment
and control of SRD (18).
Salmonellosis is an important cause of enteritis in feeder-age

pigs, and S. choleraesuis and Salmonella typhimurium are the
two predominant Salmonella species involved (39). S. cholerae-
suis has not been isolated from Danish pig herds since 1968,
and recently, S. typhimurium has been isolated in several out-

breaks in Denmark (37a). E. coli also causes a number of
intestinal and extraintestinal diseases in pigs. It is considered to
be the single most important etiologic agent of diarrhea in
neonatal and postweaning pigs (2). Other diseases caused by E.
coli include edema disease, systemic E. coli infection in suck-
ling pigs, and coliform mastitis (2).
Ceftiofur, a broad-spectrum cephalosporin antimicrobial

agent originally developed for the treatment of bovine respi-
ratory disease, has recently been approved for use in swine for
the treatment of SRD worldwide. Previous studies have tested
several antimicrobial agents against swine pathogens (9, 10, 12,
15–17, 25, 27, 28, 32–35, 41). Those studies either did not
include ceftiofur (9, 10, 15–17, 25, 28, 32–35, 41) or tested only
a limited number of strains against ceftiofur (27). Thus, only a
limited amount of data is available on the activity of ceftiofur
against swine pathogens. The purpose of the study described
here was to compare the in vitro activity of ceftiofur with those
of other antimicrobial agents currently in use or under devel-
opment for use in swine against a large number of bacterial
pathogens of pigs.

MATERIALS AND METHODS
Bacteria. A total of 515 porcine isolates were used in the study. From the

United States, 250 isolates were tested, including 50 strains each of A. pleuro-
pneumoniae, P. multocida, S. suis, and S. cholerae-suis obtained from swine with
respiratory disease and 50 isolates of E. coli isolated from neonatal pigs with
diarrhea. The isolates from Canada included in the study were S. suis (n 5 25),
A. pleuropneumoniae (n5 17), E. coli (n5 21), S. equi subsp. equi (n5 4), S. equi
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TABLE 1. Summary of MICs for all gram-negative isolates from all locations

Organism (no. tested)
and antimicrobial agent

MIC (mg/ml)

Range 50% 90% Mode

A. pleuropneumoniae (83)
Ceftiofur #0.03–0.06 #0.03 #0.03 #0.03
Ampicillin #0.03–32.0 0.13 16.0 0.13
Erythromycin 0.25–16.0 4.0 16.0 8.0
Tetracycline 0.25–.32.0 8.0 32.0 8.0
Enrofloxacin #0.03–1.0 #0.03 0.13 #0.03
Spectinomycin 8.0–128.0 32.0 128.0 16.0
Sulfamethazine 16.0–.512.0 512.0 .512.0 .512.0
Trimethoprim-sulfadiazine #0.015–0.25 0.03 0.13 #0.015
Lincomycina 0.06–.64.0 8.0 16.0 8.0
Lincomycin-spectinomycin (1:8)a 0.25–.16.0 4.0 8.0 8.0

P. multocida (74)
Ceftiofur #0.03–0.06 #0.03 #0.03 #0.03
Ampicillin 0.06–32.0 0.13 0.5 0.13
Erythromycin 0.5–32.0 4.0 8.0 4.0
Tetracycline 0.25–32.0 1.0 16.0 0.25
Enrofloxacin NRb #0.03 #0.03 #0.03
Spectinomycin 8.0–.128.0 32.0 .128.0 32.0
Sulfamethazine 16.0–.512.0 128.0 .512.0 128.0
Trimethoprim-sulfadiazine #0.015–0.5 0.06 0.25 0.06
Lincomycin 8.0–.64.0 32.0 64.0 32.0
Lincomycin-spectinomycin (1:8)c 4.0–.16.0 16.0 .16.0 16.0

S. typhimurium (98)
Ceftiofur 1.0–2.0 1.0 2.0 1.0
Ampicillin 1.0–.32.0 2.0 2.0 2.0
Erythromycin NR .32.0 .32.0 .32.0
Tetracycline 1.0–.32.0 2.0 2.0 2.0
Enrofloxacin 0.06–0.5 0.06 0.13 0.06
Spectinomycin 32.0–.128.0 64.0 128.0 64.0
Sulfamethazine 64.0–.512.0 .512.0 .512.0 .512.0
Trimethoprim-sulfadiazine #0.015–.16.0 0.06 0.25 0.06
Lincomycin 64.0–.64.0 .64.0 .64.0 .64.0
Lincomycin-spectinomycin (1:8) 8.0–.16.0 8.0 16.0 8.0

S. cholerae-suis (50)
Ceftiofur 1.0–2.0 1.0 1.0 1.0
Ampicillin 1.0–.32.0 .32.0 .32.0 .32.0
Erythromycin NR .32.0 .32.0 .32.0
Tetracycline 1.0–.32.0 .32.0 .32.0 .32.0
Enrofloxacin 0.13–1.0 0.13 0.13 0.13
Spectinomycin 32.0–64.0 64.0 64.0 64.0
Sulfamethazine NR .512.0 .512.0 .512.0
Trimethoprim-sulfadiazine 0.13–0.5 0.25 0.25 0.13, 0.25
Lincomycin NR .64.0 .64.0 .64.0
Lincomycin-spectinomycin (1:8) 16.0–64.0 32.0 .64.0 32.0

E. coli (84)
Ceftiofur 0.25–4.0 0.5 1.0 0.5
Ampicillin 1.0–.32.0 4.0 .32.0 .32.0
Erythromycin 16.0–.32.0 .32.0 .32.0 .32.0
Tetracycline 1.0–.32.0 .32.0 .32.0 .32.0
Enrofloxacin #0.03–16.0 #0.03 0.06 #0.03
Spectinomycin 16.0–.128.0 64.0 .128.0 .128.0
Sulfamethazine 16.0–.512.0 .512.0 .512.0 .512.0
Trimethoprim-sulfadiazine 0.03–.16.0 0.25 .16.0 0.25
Lincomycin NR .64.0 .64.0 .64.0
Lincomycin-spectinomycin (1:8) 2.0–.64.0 32.0 .64.0 .64.0

a Results are for 91 strains.
b NR, no range; the same value was obtained for all isolates.
c Results are for 76 strains.
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subsp. zooepidemicus (n 5 19), and Streptococcus dysgalactiae subsp. equisimilis
(n 5 1) (herein referred to as a group as b-hemolytic streptococci) and P.
multocida (n 5 1). The isolates from Canada were provided by K. B. Quinn,
Upjohn Animal Health, Orangeville, Ontario, Canada. The isolates from Den-
mark tested in the study included S. suis (n5 25), A. pleuropneumoniae (n5 24),
E. coli (n 5 13), S. typhimurium (n 5 98), and P. multocida (n 5 25). Isolates
were identified by conventional methods and were transferred to the Animal
Health Discovery Research culture collection of The Upjohn Company. Upon
receipt, the isolates were checked for purity and were stored in 1.0 ml of
Trypticase soy broth (Difco, Detroit, Mich.) with 10% glycerol on 3-mm-diam-
eter glass beads at 2708C. Isolates were subcultured twice on Trypticase blood
agar base (BBL, Cockeysville, Md.) supplemented with 5% sheep blood or on
chocolate agar supplemented with 2% supplement C (Difco) (A. pleuropneumo-
niae only) and were incubated at 358C in 5% CO2 for 18 to 24 h prior to MIC
testing.
MIC determinations. The following antimicrobial agents and combinations of

antimicrobial agents were tested: enrofloxacin, ceftiofur, ampicillin, sulfameth-
azine, trimethoprim-sulfadiazine (1:19), erythromycin, lincomycin, spectinomy-
cin, lincomycin-spectinomycin (1:8), tetracycline, and tilmicosin. The dilution
ranges used for these antimicrobial agents were as follows: enrofloxacin, cefitio-
fur, ampicillin, erythromycin, and tetracycline, 0.03 to 32.0 mg/ml; sulfametha-
zine, 0.5 to 512.0 mg/ml; trimethoprim-sulfadiazine, 0.015 to 16.0 and 0.3 to 304
mg/ml; respectively; spectinomycin, 0.13 to 128.0 mg/ml; lincomycin and tilmico-
sin, 0.06 to 64.0 mg/ml; and lincomycin-spectinomycin, 0.06 to 64.0 and 0.5 to
512.0 mg/ml, respectively. MIC determinations for enrofloxacin, ceftiofur, ampi-
cillin, erythromycin, sulfamethazine, trimethoprim-sulfadiazine, spectinomycin,
and tetracycline were obtained by using a commercially prepared, dehydrated
MIC panel. These panels were stored at room temperature. Similar determina-
tions were made for lincomycin, lincomycin-spectinomycin (1:8), and tilmicosin
by using the microdilution method of the National Committee for Clinical Lab-
oratory Standards (NCCLS) for organisms that grow aerobically (22). The MIC
panels used for these antimicrobial agents were prepared in-house and were
stored at 2708C. The panels were thawed to room temperature prior to inocu-
lation. All MIC panels were inoculated by following NCCLS guidelines (22).
Briefly, three to five colonies of a 24-h culture were removed, suspended in 5.0
ml of sterile 0.85% saline, and adjusted to a 0.5 McFarland barium sulfate
turbidity standard with a nephelometer. A 0.01-ml aliquot of this suspension was
then transferred to 10.0 ml of cation-supplemented Mueller-Hinton broth (Sen-
sititre, Westlake, Ohio). Haemophilus test medium broth (Remel, Lenexa,
Kans.) was used to test the A. pleuropneumoniae isolates. A 0.05-ml aliquot of
this suspension was then dispensed into each well of a 96-well microdilution plate
containing either dehydrated, prediluted antimicrobial agent (Sensititre) or an-
timicrobial agent diluted in the appropriate growth medium by using an auto-
mated inoculator. These panels were then either sealed with the supplied adhe-
sive seals (commercially prepared panels) or wrapped in plastic to prevent
dehydration and were incubated at 358C for 18 to 24 h. The MIC for each isolate

was read as the lowest dilution demonstrating no visible growth. The final well in
each row contained no antimicrobial agent and served as a positive growth
control on both panels. The following quality control strains recommended by
NCCLS were included with each batch of organisms tested: Staphylococcus
aureus ATCC 29213, E. coli ATCC 25922, Pseudomonas aeruginosa ATCC
27853, and Enterococcus faecalis ATCC 29212.

RESULTS AND DISCUSSION

Previous studies testing bacterial isolates from swine have
included a number of antimicrobial agents and have used var-
ious methodologies (9, 10, 12, 15–17, 25, 27, 28, 32–35, 41).
While most of those studies have also reported MIC data (9,
10, 15–17, 25, 27, 35), a number of the studies have interpreted
MIC data by categorizing isolates as susceptible or resistant (9,
10, 15–17, 28, 33–35, 41). The interpretive criteria used for
those studies were based on human pharmacokinetics and
treatment regimens; however, the validity of using human
breakpoints for veterinary isolates has not been established.
Because interpretive criteria with pathogens isolated from pigs
are not available for all antimicrobial agents tested, isolates in
the present study should not be classified as susceptible or
resistant; therefore, only MIC data are presented. The MICs
for the isolates tested are summarized in Tables 1 to 8. The
MICs for the quality control strains are summarized in Tables
9 and 10. Out-of-range values were obtained with enrofloxacin,
ceftiofur, spectinomycin, and trimethoprim-sulfadiazine against
older strains of P. aeruginosa and E. coli (22, 30). This was
resolved when the strains were replaced with new isolates.
The fluoroquinolones are a class of antimicrobial agents

derived from the naphthyridine nalidixic acid (26). This class of
agents generally exhibits good activity against gram-negative
bacilli, moderate activity against the staphylococci, and fair to
poor activity against streptococci and anaerobes (26). Of these
compounds, enrofloxacin has been developed solely for veter-
inary use. Previous studies have shown enrofloxacin to be ef-
ficacious in the treatment of SRD and other bacterial diseases

TABLE 2. MICs of various antimicrobial agents for streptococci from all locations

Organism (no. of strains)
and antimicrobial agent

MIC (mg/ml)

Range 50% 90% Mode

S. suis (94)
Ceftiofur #0.03–1.0 #0.03 0.25 #0.03
Ampicillin #0.03–8.0 #0.03 0.06 #0.03
Erythromycin #0.03–.32.0 16.0 .32.0 .32.0
Tetracycline 0.13–.32.0 32.0 .32.0 .32.0
Enrofloxacin #0.03–1.0 0.25 0.5 0.25
Spectinomycin 4.0–.128.0 16.0 .128.0 .128.0
Sulfamethazine 2.0–.512.0 .512.0 .512.0 .512.0
Trimethoprim-sulfadiazine #0.015–.16.0 0.06 0.5 0.03, 0.06
Lincomycina 0.03–.64.0 32.0 .64.0 .64.0
Lincomycin-spectinomycin (1:8)a 0.06–.16.0 8.0 16.0 4.0

b-Hemolytic streptococci (24)
Ceftiofur #0.03–0.06 #0.03 #0.03 #0.03
Ampicillin #0.03–0.06 #0.03 0.06 #0.03
Erythromycin #0.03–.32.0 #0.03 .32.0 #0.03
Tetracycline #0.03–.32.0 1.0 32.0 2.0
Enrofloxacin 0.25–1.0 0.5 1.0 0.5
Spectinomycin 8.0–.128.0 32.0 64.0 32.0
Sulfamethazine 4.0–.512.0 32.0 .512.0 32.0
Trimethoprim-sulfadiazine #0.015–0.25 0.13 0.13 0.25
Lincomycin #0.06–1.0 0.5 1.0 0.5
Lincomycin-spectinomycin (1:8) 0.13–2.0 0.5 1.0 0.5

a A total of 100 isolates were tested.
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of swine (7, 13, 17, 31, 32, 42). For these reasons, enrofloxacin
was included in the present as a representative of this class of
antimicrobial agents. Enrofloxacin demonstrated excellent ac-
tivity against the gram-negative isolates tested, with an MIC
inhibiting 90% of isolates tested (MIC90) of #0.13 mg/ml for
isolates of A. pleuropneumoniae, P. multocida, and E. coli from
all three countries. The results are similar to those found by
Gutiérrez et al. (17), who reported an MIC90 of #0.06 mg/ml
for A. pleuropneumoniae. Enrofloxacin also exhibited excellent
activity against the isolates of S. typhimurium from Denmark
and the isolates of S. choleraesuis isolated from pigs in the

United States (MIC90s, 0.13 mg/ml for both organisms). Enro-
floxacin was less active against the streptococci than the gram-
negative bacilli. However, this antimicrobial agent was still
active against these organisms (MIC90s, 1.0 mg/ml for both the
b-hemolytic streptococci and S. suis). For a single strain of E.
coli from the United States, the enrofloxacin MIC was 16.0
mg/ml.
Similar to its activity against bovine respiratory disease

pathogens (37), ceftiofur was highly active against the SRD
pathogens tested. For all isolates of A. pleuropneumoniae and
P. multocida tested, the ceftiofur MIC90s were #0.03 mg/ml.

TABLE 3. MICs of various antimicrobial agents for gram-negative organisms from the United States

Organism (no. of strains)
and antimicrobial agent

MIC (mg/ml)

Range 50% 90% Mode

A. pleuropneumoniae (50)
Ceftiofur NRa #0.03 #0.03 #0.03
Ampicillin #0.03–32.0 0.13 16.0 0.06
Erythromycin 0.25–16.0 2.0 4.0 2.0
Tetracycline 0.25–.32.0 8.0 32.0 8.0
Enrofloxacin #0.03–0.13 #0.03 0.06 #0.03
Spectinomycin 8.0–.128.0 16.0 64.0 16.0
Sulfamethazine 16.0–.512.0 .512.0 .512.0 .512.0
Trimethoprim-sulfadiazine #0.015–0.06 #0.015 0.03 #0.015
Lincomycin 0.06–.64.0 4.0 16.0 8.0
Lincomycin-spectinomycin (1:8) 0.5–.64.0 8.0 16.0 8.0
Tilmicosin 1.0–.64.0 2.0 4.0 2.0

P. multocida (50)
Ceftiofur #0.03–0.06 #0.03 #0.03 #0.03
Ampicillin 0.06–32.0 0.13 0.25 0.13
Erythromycin 0.5–8.0 4.0 8.0 4.0
Tetracycline 0.25–32.0 1.0 16.0 1.0
Enrofloxacin NR #0.03 #0.03 #0.03
Spectinomycin 8.0–64.0 32.0 32.0 32.0
Sulfamethazine 16.0–256.0 128.0 256.0 128.0, 256.0
Trimethoprim-sulfadiazine #0.015–0.25 0.06 0.25 0.06
Lincomycin 8.0–64.0 32.0 32.0 32.0
Lincomycin-spectinomycin (1:8) 16.0–64.0 16.0 32.0 16.0
Tilmicosin 0.5–8.0 4.0 8.0 4.0

S. cholerae-suis (50)
Ceftiofur 1.0–2.0 1.0 1.0 1.0
Ampicillin 1.0–.32.0 .32.0 .32.0 .32.0
Erythromycin NR .32.0 .32.0 .32.0
Tetracycline 1.0–.32.0 .32.0 .32.0 .32.0
Enrofloxacin 0.13–1.0 0.13 0.13 0.13
Spectinomycin 32.0–64.0 64.0 64.0 64.0
Sulfamethazine NR .512.0 .512.0 .512.0
Trimethoprim-sulfadiazine 0.13–0.5 0.25 0.25 0.13, 0.25
Lincomycin NR .64.0 .64.0 .64.0
Lincomycin-spectinomycin (1:8) 16.0–64.0 32.0 .64.0 32.0
Tilmicosin NR .64.0 .64.0 .64.0

E. coli (50)
Ceftiofur 0.25–4.0 0.5 1.0 0.5
Ampicillin 1.0–.32.0 16.0 .32.0 .32.0
Erythromycin 16.0–.32.0 .32.0 .32.0 .32.0
Tetracycline 1.0–.32.0 .32.0 .32.0 .32.0
Enrofloxacin #0.06–16.0 0.06 0.06 0.06
Spectinomycin 16.0–.128.0 64.0 .128.0 .128.0
Sulfamethazine 15.0–.512.0 .512.0 .512.0 .512.0
Trimethoprim-sulfadiazine 0.03–.16.0 0.25 .16.0 0.25
Lincomycin NR .64.0 .64.0 .64.0
Lincomycin-spectinomycin (1:8) 8.0–.64.0 32.0 .64.0 .64.0
Tilmicosin NR .64.0 .64.0 .64.0

a NR, no range; the same value was obtained for all isolates.
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MIC90s of 0.25 mg/ml were obtained for isolates of S. suis from
all three countries and MICs of 1.0 mg/ml were obtained for
isolates of E. coli from all three countries. Ceftiofur was also
active against the b-hemolytic streptococcal isolates (MIC90s,
#0.03 mg/ml) and the S. typhimurium and S. choleraesuis iso-
lates (MIC90s, 1.0 mg/ml for both isolates). Of the isolates
tested, for only a single E. coli isolate from the United States
was the ceftiofur MIC 4.0 mg/ml. For the remaining isolates,
ceftiofur had MICs of #2.0 mg/ml. These results are similar to
those obtained in a previous study in which the MIC90s of
ceftiofur were reported to be #0.125, #0.125, and #1.0 mg/ml
for A. pleuropneumoniae, P. multocida, and S. choleraesuis,
respectively (27). For the strain of E. coli for which the cef-
tiofur MIC was high, the MIC of enrofloxacin was also high.
Ampicillin is often used for the treatment of SRD and other

porcine diseases (11, 14, 23, 24). Ampicillin demonstrated ex-
cellent activity against P. multocida, b-hemolytic streptococci,
and S. suis (MIC90s, #0.03, #0.03, and 0.13 mg/ml, respec-

tively) and moderate activity against S. typhimurium (MIC90s,
2.0 mg/ml). These results are in agreement with previously
reported MICs (10, 33, 34). Fales et al. (10) found the MIC90
of ampicillin to be#0.25 mg/ml for P. multocida. Turgeon et al.
(34, 35) found that$90% of strains of S. suis were inhibited by
0.12 mg of ampicillin per ml. Ampicillin was much less active
when it was tested against E. coli and S. choleraesuis (MIC90s,
.32.0 mg/ml). Against A. pleuropneumoniae isolates from the
United States, ampicillin was also less active (MIC90s, 16.0
mg/ml); however, against the Canadian and Danish strains of
this organism, ampicillin was much more active (MIC90s, 0.25
and 0.5 mg/ml, respectively). These results are similar to those
reported previously for A. pleuropneumoniae isolates from var-
ious countries (9, 12, 15–17).
Sulfonamides and the potentiated sulfonamides (tri-

methoprim-sulfonamide combinations) have also been widely
used for the treatment of numerous swine diseases (11, 14, 23,
24). Sulfamethazine was tested in the present study as a rep-

TABLE 4. MICs of various antimicrobial agents for S. suis isolates from the United Statesa

Antimicrobial agent
MIC (mg/ml)

Range 50% 90% Mode

Ceftiofur #0.03–1.0 #0.03 0.13 #0.03
Ampicillin #0.03–8.0 #0.03 0.06 #0.03
Erythromycin #0.03–.32.0 0.5 .32.0 .32.0
Tetracycline 0.5–.32.0 32.0 .32.0 32.0
Enrofloxacin #0.03–0.5 0.25 0.5 0.25
Spectinomycin 4.0–.128.0 16.0 32.0 16.0
Sulfamethazine 4.0–.512.0 .512.0 .512.0 .512.0
Trimethoprim-sulfadiazine #0.015–0.25 0.13 0.13 0.13
Lincomycina 0.06–.64.0 16.0 .64.0 32.0
Lincomycin-spectinomycin (1:8)b 0.5–.64.0 8.0 16.0 8.0
Tilmicosin 0.06–.64.0 .64.0 .64.0 .64.0

a A total of 50 S. suis isolates were tested.
b A total of 47 isolates were tested.

TABLE 5. MICs of various antimicrobial agents for gram-negative isolates from Canada

Organism (no. of strains)
and antimicrobial agent

MIC (mg/ml)

Range 50% 90% Mode

A. pleuropneumoniae (10)
Ceftiofur NRa #0.03 #0.03 #0.03
Ampicillin 0.13–0.5 0.25 0.25 0.25
Erythromycin 8.0–16.0 8.0 8.0 8.0
Tetracycline 0.25–16.0 8.0 8.0 8.0
Enrofloxacin 0.06–0.13 0.13 0.13 0.13
Spectinomycin 64.0–128.0 64.0 128.0 64.0
Sulfamethazine 128–512.0 256.0 512.0 256.0
Trimethoprim-sulfadiazine 0.06–0.13 0.06 0.13 0.06, 0.13
Lincomycin 1.0–32.0 8.0 16.0 8.0
Lincomycin-spectinomycin (1:8) 0.25–8.0 2.0 4.0 2.0

E. coli (21)
Ceftiofur 0.25–1.0 0.5 1.0 0.5
Ampicillin 2.0–.32.0 4.0 .32.0 4.0
Erythromycin 32.0–.32.0 .32.0 .32.0 .32.0
Tetracycline 1.0–.32.0 .32.0 .32.0 .32.0
Enrofloxacin #0.03–0.5 #0.03 #0.03 #0.03
Spectinomycin 16.0–.128.0 128.0 .128.0 .128.0
Sulfamethazine 128.0–.512.0 .512.0 .512.0 .512.0
Trimethoprim-sulfadiazine 0.03–.16.0 0.5 .16.0 .16.0
Lincomycin NR .64.0 .64.0 .64.0
Lincomycin-spectinomycin (1:8) 2.0–.16.0 16.0 .16.0 .16.0

a NR, no range; the same value was obtained for all isolates.
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resentative of the sulfonamide class of antimicrobial agents.
We found that sulfamethazine was not active against the or-
ganisms tested whenMIC90s were determined for isolates from
all countries grouped together (MIC90s, .512.0 mg/ml). Some
minimal activity was observed against P. multocida strains from
the United States when they were assessed separately (MIC90s,
256.0 mg/ml). These results agree with those from previous
reports with sulfonamides against swine pathogens (8–10, 16).
While sulfamethazine was found to be inactive against most of
the strains tested, the potentiated sulfonamide tested was
found to have good activity against most of the strains tested.
Trimethoprim-sulfadiazine exhibited good activity against A.
pleuropneumoniae, S. choleraesuis, S. typhimurium, P. multo-
cida, b-hemolytic streptococci, and S. suis (MIC90s, #0.25 mg/
ml). However, trimethoprim-sulfadiazine was found to be in-
active against the E. coli isolates at the concentration tested
(MIC90s, .16.0 mg/ml). These results are also in agreement
with those reported previously for A. pleuropneumoniae, S.
choleraesuis, and S. suis (8–10, 27, 34, 35). However, Raem-
donck et al. (27) found the MIC90 of trimethoprim-sulfadia-
zine for P. multocida to be 8.0 mg/ml, which is much higher
than those found for the isolates tested in the present study.
These differences could be due to differences in the sources of
isolates of P. multocida used in the present study. Our isolates
were only fromDenmark and theUnited States, whereasRaem-
donck et al. (27) tested 931 isolates from 13 countries.
Erythromycin has been widely used for the treatment of

bacterial infections of swine in some countries (11, 14, 23).
This antimicrobial agent was found to have limited activity
against the isolates tested. Overall, erythromycin was inactive
against S. suis, b-hemolytic streptococci, S. typhimurium, S.
choleraesuis, and E. coli isolates at the concentrations tested
(MIC90s,.32.0 mg/ml). Against isolates of P. multocida and A.
pleuropneumoniae, erythromycin exhibited limited activity
(MIC90s, 8.0 and 16.0 mg/ml, respectively). These results are
similar to those reported for recent isolates of A. pleuropneu-
moniae, P. multocida, and S. choleraesuis (9, 10, 15, 17, 27).

Earlier studies found the MIC90 of erythromycin for A. pleuro-
pneumoniae to be 2.0 mg/ml (9) and 4.0 mg/ml (14), and the
MIC90 for P. multocida was 4.0 mg/ml (10). These data prob-
ably suggest that resistance to erythromycin has increased over
the last 10 years. An MIC90 of erythromycin for S. choleraesuis
has recently been reported (27) to be .64.0 mg/ml, which is in
agreement with the results of the present study.
Lincomycin, spectinomycin, and lincomycin-spectinomycin

in combination have also been proven to be efficacious in the
treatment of various diseases of pigs (11, 14, 21, 23). Previous
studies testing lincomycin and spectinomycin in combination
have tested these antimicrobial agents at a 1:2 ratio (8). We
tested lincomycin-spectinomycin at a 1:8 ratio, the ratio of
concentrations achieved in porcine plasma after intramuscular
dosing, to more accurately reflect in vivo concentrations (38).
At the concentrations tested, lincomycin and lincomycin-spec-
tinomycin were not active against most of the gram-negative
organisms tested (MIC90s, $32.0 mg/ml). Against the b-hemo-
lytic streptococci (MIC90s, 1.0 mg/ml for lincomycin and linco-
mycin-spectinomycin) and A. pleuropneumoniae (MIC90s, 16.0
and 8.0 mg/ml for lincomycin and lincomycin-spectinomycin,
respectively) these compounds were more active. Spectinomy-
cin was not active against the majority of the organisms tested
(MIC90s, $32.0 mg/ml). These results concur with recently
reported data for lincomycin, spectinomycin, and lincomycin-
spectinomycin tested against A. pleuropneumoniae, P. multo-
cida, and S. choleraesuis (9, 10, 27).
Against the majority of the isolates tested, tetracycline

showed little activity (MIC90s, $16.0 mg/ml). However, tetra-
cycline showed moderate activity (MIC90s, 2.0 mg/ml) against
the S. typhimurium isolates from Denmark. These data are
similar to those presented in previous reports (9, 10, 27).
Tilmicosin is a semisynthetic macrolide antibiotic that has

recently been approved for use in the United States for the
treatment of bovine respiratory disease. While injection of this
product has been shown to be fatal in swine, it has displayed
some efficacy in the treatment of SRD when used as a feed

TABLE 6. MICs of various antimicrobial agents for gram-positive isolates from Canada

Organism (no. of strains)
and antimicrobial agent

MIC (mg/ml)

Range 50% 90% Mode

b-Hemolytic streptococci (24)
Ceftiofur #0.03–0.06 #0.03 #0.03 #0.03
Ampicillin #0.03–0.06 #0.03 0.06 #0.03
Erythromycin #0.03–.32.0 #0.03 .32.0 #0.03
Tetracycline #0.03–.32.0 1.0 32.0 2.0
Enrofloxacin 0.25–1.0 0.5 1.0 0.5
Spectinomycin 8.0–.128.0 32.0 64.0 32.0
Sulfamethazine 4.0–.512.0 32.0 .512.0 32.0
Trimethoprim-sulfadiazine #0.015–0.25 0.13 0.13 0.25
Lincomycin #0.06–1.0 0.5 1.0 0.5
Lincomycin-spectinomycin (1:8) 0.13–2.0 0.5 1.0 0.5

S. suis (22)
Ceftiofur #0.03–0.25 #0.03 0.25 #0.03
Ampicillin #0.03–0.25 #0.03 0.13 #0.03
Erythromycin #0.03–.32.0 .32.0 .32.0 .32.0
Tetracycline 0.25–.32.0 32.0 .32.0 32.0
Enrofloxacin 0.13–1.0 0.25 0.5 0.25
Spectinomycin 8.0–.128.0 16.0 .128.0 16.0
Sulfamethazine 2.0–.512.0 .512.0 .512.0 .512.0
Trimethoprim-sulfadiazine #0.015–0.06 0.03 0.5 0.13
Lincomycina 1.0–.64.0 .64.0 .64.0 .64.0
Lincomycin-spectinomycin (1:8)a 1.0–.16.0 4.0 16.0 4.0

a A total of 25 isolates were tested.
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additive (1, 3). Tilmicosin was active against the isolates of
A. pleuropneumoniae (MIC90, 4.0 mg/ml) and P. multocida
(MIC90, 8.0 mg/ml) tested in the study; however, tilmicosin was
not active against S. suis, E. coli, or S. choleraesuis (MIC90s,
.64.0 mg/ml for all three strains). These results support those
reported previously in studies in which tilmicosin was tested
against porcine pathogens (25).
Differences were not detected for ceftiofur, enrofloxacin,

and lincomycin when comparing MIC data from one country
with those from another. However, differences from country to
country were detected for the remaining antimicrobial agents.
Ampicillin and tetracycline were less active against isolates of
A. pleuropneumoniae from the United States (MIC90s, 16.0 and
32.0 mg/ml, respectively) than against isolates from Canada

and Denmark (MIC90s, 0.25 and 0.5 mg/ml, respectively, for
ampicillin and 8.0 mg/ml for tetracycline). In contrast, MICs of
erythromycin for A. pleuropneumoniae were slightly higher for
isolates from Canada and Denmark (MIC90, 8.0 mg/ml for
isolates from both countries) than for isolates from the United
States (MIC90 5 4.0 mg/ml). For the lincomycin-spectinomycin
combination, MICs were slightly higher for the U.S. isolates of
A. pleuropneumoniae and P. multocida (MIC90s, 16.0 and 32.0
mg/ml, respectively) than for the Canadian and Danish isolates.
Differences by location were also detected with spectinomycin.
For the Danish P. multocida strains, the MIC90s of spectino-
mycin were higher (MIC90, .128.0 mg/ml) than those for the
U.S. strains (MIC90s, 32.0 mg/ml). This loss of activity against
the P. multocida strains from Denmark was also observed with

TABLE 7. MICs of various antimicrobial agents for gram-negative isolates from Denmark

Organism (no. of strains)
and antimicrobial agent

MIC (mg/ml)

Range 50% 90% Mode

A. pleuropneumoniae (22)
Ceftiofur #0.03–0.06 #0.03 #0.03 #0.03
Ampicillin 0.13–0.5 0.25 0.5 0.13
Erythromycin 2.0–16.0 8.0 16.0 8.0
Tetracycline 0.5–8.0 1.0 8.0 1.0
Enrofloxacin 0.06–1.0 0.06 0.13 0.06
Spectinomycin 32.0–128.0 64.0 128.0 64.0
Sulfamethazine 128.0–.512.0 256.0 512.0 512.0
Trimethoprim-sulfadiazine 0.03–0.25 0.06 0.13 0.13
Lincomycina 1.0–64.0 16.0 32.0 16.0
Lincomycin-spectinomycin (1:8)a 1.0–4.0 2.0 4.0 2.0

P. multocida (24)
Ceftiofur #0.03–0.06 #0.03 #0.03 #0.03
Ampicillin 0.13–0.5 0.13 0.25 0.13
Erythromycin 2.0–32.0 8.0 8.0 8.0
Tetracycline 0.25–16.0 0.25 0.5 0.25
Enrofloxacin NRb #0.03 #0.03 #0.03
Spectinomycin 16.0–.128.0 64.0 .128.0 64.0
Sulfamethazine 32.0–.512.0 256.0 .512.0 128.0
Trimethoprim-sulfadiazine #0.015–0.5 0.06 0.25 0.06
Lincomycin 32.0–.64.0 32.0 .64.0 32.0
Lincomycin-spectinomycin (1:8) 4.0–.16.0 8.0 16.0 8.0

S. typhimurium (98)
Ceftiofur 1.0–2.0 1.0 2.0 1.0
Ampicillin 1.0–.32.0 2.0 2.0 2.0
Erythromycin NR .32.0 .32.0 .32.0
Tetracycline 1.0–.32.0 2.0 2.0 2.0
Enrofloxacin 0.06–0.5 0.06 0.13 0.06
Spectinomycin 32.0–.128.0 64.0 128.0 64.0
Sulfamethazine 64.0–.512.0 .512.0 .512.0 .512.0
Trimethoprim-sulfadiazine #0.015–.16.0 0.06 0.25 0.06
Lincomycin 64.0–.64.0 .64.0 .64.0 .64.0
Lincomycin-spectinomycin (1:8) 8.0–.16.0 8.0 16.0 8.0

E. coli (13)
Ceftiofur 0.25–1.0 0.5 0.5 0.5
Ampicillin 1.0–.32.0 4.0 .32.0 4.0
Erythromycin 32.0–.32.0 .32.0 .32.0 .32.0
Tetracycline 1.0–.32.0 .32.0 .32.0 .32.0
Enrofloxacin #0.03–0.06 #0.03 #0.03 #0.03
Spectinomycin 16.0–.128.0 32.0 .128.0 .128.0
Sulfamethazine 64.0–.512.0 .512.0 .512.0 .512.0
Trimethoprim-sulfadiazine 0.03–.16.0 0.25 .16.0 0.25
Lincomycin NR .64.0 .64.0 .64.0
Lincomycin-spectinomycin (1:8) 2.0–.16.0 16.0 .16.0 2.0

a Results are for 41 isolates.
b NR, no range; the same value was obtained for all isolates.
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sulfamethazine. Also, sulfamethazine was more active against
U.S. strains of E. coli (MIC90s, 256.0 mg/ml) than against the
strains from Canada and Denmark (MIC90s, .512.0 mg/ml for
isolates from both countries). Differences were also observed
with trimethoprim-sulfadiazine from one country to another.
For isolates of A. pleuropneumoniae from the United States,
the MIC90s of trimethoprim-sulfadiazine (MIC90s, 0.03 mg/ml)
than did those were slightly lower than those for isolates from
Canada and Denmark (MIC90s, 0.13 mg/ml for isolates from
both countries). Also with trimethoprim-sulfadiazine, the
MIC90s for S. suis strains were higher (MIC90s, 2.0 mg/ml) than

those of trimethoprim-sulfadiazine for S. suis strains from the
United States and Canada (MIC90s, 0.13 and 0.5 mg/ml, re-
spectively).
These differences in antimicrobial activity against isolates

from the three countries could be attributed to many factors.
Variations in antimicrobial agent usage from one country to
another could be a reason. Another factor would be differences
in the serotypes of an organism from one country to another.
Reams et al. (28) reported differences in antibiograms on the
basis of the serotypes of U.S. isolates of S. suis; conversely,
Fales et al. (9) found no correlation between antibiograms and

TABLE 8. Summary of MICs for S. suis isolates from Denmarka

MIC (mg/ml)

Range 50% 90% Mode

Ceftiofur #0.03–0.5 #0.03 0.13 #0.03
Ampicillin #0.03–0.06 #0.03 #0.03 #0.03
Erythromycin #0.03–.32.0 0.13 .32.0 .32.0
Tetracycline 0.13–.32.0 2.0 .32.0 2.0
Enrofloxacin 0.13–1.0 0.5 1.0 0.5
Spectinomycin 8.0–.128.0 16.0 32.0 16.0
Sulfamethazine 4.0–.512.0 .512.0 .512.0 .512.0
Trimethoprim-sulfadiazine #0.015–.16.0 0.13 2.0 0.13
Lincomycin 0.25–.64.0 4.0 .64.0 .64.0
Lincomycin-spectinomycin (1:8) 0.13–.16.0 1.0 16.0 1.0

a A total of 25 S. suis isolates were tested.

TABLE 9. Summary of MIC ranges for NCCLS quality control organisms with Mueller-Hinton broth in commercially prepared panels

Antimicrobial agent
MIC range (mg/ml)

E. coli ATCC 25922 P. aeruginosa ATCC 27853 E. faecalis ATCC 29212 S. aureus ATCC 29213

Enrofloxacin
Expected 0.03–0.13 2.0–8.0 0.5–2.0 0.06–0.25
Obtained #0.03–0.25 1.0–2.0a 0.5 0.13–0.25

Ceftiofur
Expected 0.25–1.0 .16.0 2.0–8.0 1.0–4.0
Obtained 0.5–1.0 8.0–32.0a 1.0–8.0 1.0–2.0

Ampicillin
Expected 2.0–8.0 NAb 0.5–2.0 0.25–1.0
Obtained 2.0–8.0 .32.0 0.5–1.0 0.25–0.5

Erythromycin
Expected $16.0 .16.0 1.0–4.0 #0.13–0.5
Obtained .32.0 .32.0 1.0–4.0 0.5

Spectinomycin
Expected 4.0–16.0 .16.0 .16.0 .16.0
Obtained 16.0–64.0 .512.0 512.0–.512.0 128.0–.512.0

Sulfamethazine
Expected NA NA NA NA
Obtained 256.0–.512.0 .512.0 512.0–.512.0 128.0–.512.0

Tetracycline
Expected #2.0–4.0 8.0–$16.0 8.0–.16.0 NA
Obtained 1.0 8.0–.16.0 16.0 0.25–32.0

Trimethoprim-sulfadiazine
Expected #0.06/1.19 NA #0.13/2.38 #0.25/4.75
Obtained 0.06–0.25 8.0–.16.0 #0.015–0.13 0.13

a Out-of-range values were obtained with enrofloxacin, ceftiofur, spectinomycin, and trimethoprim-sulfadiazine against an old strain of P. aeruginosa. This was
resolved when the strain was replaced with a new isolate.
b NA, not available.
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the serotypes of A. pleuropneumoniae strains isolated in the
United States.
Overall, against the porcine bacterial isolates tested in the

present study, ceftiofur and enrofloxacin exhibited the broad-
est spectra of activity. The activities of the remaining antimi-
crobial agents varied, depending on the organism and the
country in which the organism originated.
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